To estimate the safety and efficacy of treatment with 2-mg nicotine gum for smoking cessation during pregnancy.
T obacco smoke contains more than 3,500 chemicals, including 100 carcinogens and mutagens, carbon monoxide, nicotine, and hydrogen cyanide, all of which can be very harmful to fetal development. 1 Smoking doubles the risk of delivering a low birth weight (less than 2,500 g) or premature (less than 37 weeks of gestation) neonate and increases the risk of numerous adverse perinatal and neonatal outcomes. 2, 3 Very low birth weight newborns (less than 1,500 g) in particular have exponential increases in morbidity and mortality compared with newborns of normal weight. 4 Smoking by pregnant women has been blamed for up to 12% of perinatal deaths and 10% of neonatal deaths in the United States. 3 Approximately 12% of U.S. women smoke during pregnancy, 2 and smoking is most prevalent among women who are socioeconomically disadvantaged. 5 The majority of pregnant women who smoke before becoming pregnant continue to smoke during pregnancy, 6 with behavioral interventions alone yielding quit rates that rarely exceed 18%. 7 Given these circumstances, a need exists to examine the safety and efficacy of pharmacotherapy for smoking cessation during pregnancy. Nicotine-replacement therapies approximately double quit rates relative to placebo in studies in nonpregnant individuals. 7 However, there are conflicting findings as to whether nicotine-replacement therapy is a safe and effective adjunctive treatment for smoking cessation during pregnancy. 8, 9 We conducted a prospective, randomized, double blind, placebo-controlled clinical trial of the safety and efficacy of 2-mg nicotine gum in pregnant smokers. We chose this nicotine formulation because our previous work suggested that 2-mg nicotine gum reduced nicotine exposure and generally had a lesser effect on maternal and fetal hemodynamics than ad libitum smoking. 10 Moreover, based on evidence from the general population showing that different nicotine-replacement therapy formulations are similar in efficacy but that an intermittent form (eg, gum) may deliver a lower dose of nicotine than a continuous form (eg, patch), 7 the intermittent form is recommended for smoking cessation during pregnancy. The primary outcome for this study was biochemically confirmed 7-day point prevalence abstinence rates at two time points: after 6 weeks of gum use and at the end of pregnancy. Other major endpoints included the birth weight of the offspring and measures of smoking reduction.
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MATERIALS AND METHODS
The study was approved by the Institutional Review Board at the University of Connecticut Health Center (Farmington, CT) and at each of the enrollment sites: Hartford Hospital (Hartford, CT), Hospital of Central Connecticut (New Britain, CT), and Baystate Medical Center (Springfield, MA). The study was conducted under an Independent New Drug Application by the U.S. Food and Drug Administration (IND #64,648) and was registered on Clinicaltrials.gov (NCT00115687). An independent Data and Safety and Monitoring Board reviewed ongoing trial data, including efficacy rates and serious adverse events, throughout the study. Participants were recruited from July 30, 2003, to September 25, 2006 , with the last study participant completing participation on April 17, 2007. Participants were primarily recruited from prenatal clinics at Hartford Hospital, New Britain General Hospital, and Baystate Medical Center. Clinic personnel would identify smokers and inquire whether the patient was interested in a research study. If so, on site research personnel would meet with potential participants. We also accepted referrals from private practitioners.
The study protocol consisted of eight visits. At the screening visit, we obtained written consent, and assessed inclusion/exclusion criteria. At the next two visits (baseline and visit 1) women received individual smoking cessation counseling by a smoking cessation therapist. At the baseline visit and every visit thereafter, the study nurse dispensed study medication, assessed smoking cessation progress, encouraged cessation, and collected information on adverse events. The timing of study visits is outlined in Figure 1 .
We obtained written informed consent from all participants before implementing any study procedures. The consent form was available in English and Spanish. We obtained parental consent and participant assent from minors enrolled at the two sites in Connecticut; however, in Massachusetts pregnant teens aged 16 -18 years are emancipated, so that parental consent was not required.
Pregnant women were included if they were 1) currently smoking at least one cigarette per day, 2) at 26 weeks of gestation or less, 3) 16 years of age or older, 4) able to speak English or Spanish, 5) intending to carry the pregnancy to term, and 6) living in a stable residence. Exclusion criteria were 1) evidence of a current illicit drug or alcohol use disorder within the preceding month (women taking methadone maintenance were included if they reported not currently using illicit drugs), 2) twins or other multiple gestation, 3) an unstable psychiatric problem (eg, suicidal ideation), an unstable medical problem (eg, preeclampsia, threatened abortion), or a medical problem that would interfere with study participation (eg, temporo-mandibular joint problems). Women with high-risk pregnancies (eg, with diabetes or human immunodeficiency virus [HIV]) were included if they were medically stable.
A medical history and the Structured Clinical Interview for DSM-IV to assess major depression and posttraumatic stress disorder 12 were administered before treatment. Other assessments included a smoking history, the Fagerstrom Test for Nicotine Dependence, 13 selected questions from the Rhode Island Stress and Coping questionnaire, 14 and the 10-item Center for Epidemiologic Studies Depression Scale. 15 The research pharmacy used a computerized urn randomization program to balance participant assign-ment in the two treatment groups The balancing variables were maternal age, gestational age at study entry, number of cigarettes smoked per day, health insurance (public or private), and use of methadone maintenance. 16 Participants received two 35-minute counseling sessions (in English or Spanish) delivered by a research assistant trained to deliver smoking cessation counseling using a motivational interviewing approach, 17, 18 which was previously shown to be effective when used in the same patient population. 19 Research assistants (including two native Spanish speakers) received 6 hours of didactic training, reviewed videotaped smoking cessation counseling sessions, and observed two counseling sessions delivered by the trainer. In addition to the counseling sessions, participants received printed educational materials that were tailored for use in pregnancy and twice-monthly telephone calls to monitor progress until delivery.
The counseling sessions were delivered at Baseline and Visit 1 and began with an assessment of readiness to quit smoking based. 20 The initial counseling session 1) discussed the benefits of quitting smoking during pregnancy; 2) assessed the stage of change, 3) motivated the participant to quit and 4) had the participant set a quit date within the next week. Participants who did not commit to a quit date were instructed to reduce by half the number of cigarettes smoked per during the first week and by another half during the second week, with the goal of achieving complete cigarette abstinence by the end of the third week of treatment. The second counseling session was scheduled within one week after the quit or reduction date, and focused on strategies to deal with smoking urges and withdrawal symptoms, with the goal of smoking cessation.
The study nurse dispensed study gum (nicotine 2-mg or placebo [Fertin Pharma, Vejle, Denmark]) at the baseline visit and at each subsequent visit. The placebo gum had a peppery taste to mimic the taste of nicotine gum. Gum was packaged in the same zipper foil packets to maintain the integrity of the blind. Participants were instructed to chew one piece of gum for every cigarette they usually smoked per day, beginning on their quit date. However, participants were instructed to not chew more than 20 pieces per day. Participants who did not commit to a quit date were managed as above and were instructed to substitute one piece of nicotine gum daily for each cigarette that they eliminated.
Participants received 6 weeks of treatment with the gum followed by a 6-week taper period. Participants were encouraged to continue use of the gum as long as they were actively trying to quit smoking and were allowed to use study medication postpartum to prevent smoking relapse.
At every visit, study nurses monitored patients' smoking status (ie, cigarettes smoked/day, exhaled carbon monoxide [CO] ) and adverse events. The following questionnaires were administered at every visit: Minnesota Withdrawal Symptom Checklist, 21 Rhode Island Stress and Coping Inventory, 14 and the Center for Epidemiologic Studies Depression Scale. 15 The concentration of urinary cotinine, the major metabolite of nicotine and a measure of overall nicotine intake, 11 was obtained before treatment (at both screening and baseline visits) and at visits 2, 4, and 5. Urine samples obtained at screening, baseline and visit 2 (or the next available sample) were analyzed within 1 week to identify increased nicotine exposure due to gum use. Samples were analyzed by radioimmunoassay (with a detection level of 50 ng/ mL). Participants were informed (by a research assistant not otherwise involved in patient contact) when the cotinine concentration while on treatment exceeded by 50% the higher of the screening or baseline cotinine measures, and they were instructed to reduce their smoking and/or gum use until the cotinine concentration returned to pretreatment values.
Urine for measurement of anabasine and anatabine concentrations was obtained at baseline and visits 4 and 5. Samples were analyzed by gas chromatography/mass spectrometry (with a detection level of 1 ng/mL). Anabasine and anatabine are minor tobacco alkaloids that are not altered by nicotine-replacement therapy. 11 Information on adverse events, including serious adverse events was collected throughout the study. Study nurses also abstracted data on pregnancy and neonatal outcomes from the medical chart after delivery. A priori criteria for serious adverse events assessed by chart review included preterm (less than 37 weeks of gestation) delivery, low birth weight (less than 2,500 g), spontaneous abortion (unintended pregnancy loss at 20 weeks of gestation or less), intrauterine fetal demise (fetal death in utero at more than 20 weeks of gestation but before delivery), newborn death (age 0 -28 days), maternal hospitalization for a reason other than labor and delivery, and neonatal intensive care unit (NICU) admission.
We had planned to recruit 268 participants, which would have provided power in excess of 80% (with alphaϭ.05, two-sided) to detect a doubling of quit rates (18% compared with 36%) and a 150-g difference in birth weight assuming a standard deviation (SD) of 425 g. However, after reviewing the efficacy data at the 6-week time point for 147 participants, the Data and Safety and Monitoring Board recommended that enrollment be stopped due to lack of efficacy. At the time of the interim analysis, the quit rate was approximately 14% in the nicotine gum group, and 7% in the placebo group and the Data and Safety and Monitoring Board reasoned that a much larger sample would be needed to detect a difference of this magnitude.
Analyses were performed using SPSS 15 (SPSS Inc., Chicago IL). Group means were compared using t-tests and frequencies were compared with the 2 test or Fisher exact test. The statistical significance for quit rates was adjusted from PϽ.05 to PϽ.018 to account for interim analyses. Nonnormally distributed variables were transformed as appropriate. The test for group differences at visits 4 and 5 was based on the change scores from baseline. For group differences at visits 4 and 5, two comparisons were made, one for completers (ie, women who provided data at these follow-up points), and one using the last observation carried forward method.
RESULTS
As shown in Figure 1 , 250 women gave written consent for study participation and 194 women were randomly assigned to treatment (128 women recruited from Hartford Hospital, 35 women from Baystate Medical Center, and 31 from New Britain General Hospital), with 100 women allocated to receive nicotine gum and 94 women allocated to the placebo control group. The groups were comparable on all demographic, smoking history, treatment history, and pregnancy history variables ( Table 1 ). The mean age of participants was 25.1 year (SDϭ5.8). The majority of the sample was Hispanic, one-half did not complete high school, only 30% were married or cohabiting, and approximately onethird were currently working.
Participants smoked an average of 18 cigarettes/ day before pregnancy and approximately 10 cigarettes/day during the week before study enrollment. The mean Fagerstrom Test for Nicotine Dependence score was less than 4, indicating mild-to-moderate severity of nicotine dependence. 13 This was the first pregnancy for more than 15% of the women. Approximately 15% had a history of preterm delivery. Participants entered the study at a mean gestational age of 17.1 (SDϭ5.6) weeks.
After the baseline visit, overall, the nicotine group was more likely to attend study visits than the placebo group (71% compared with 60%; t (10) ϭ3.67, Pϭ.004). The nicotine group participated at a significantly higher rate at visits 3 ( There were no statistically significant differences among the three sites for any of the smoking outcomes or for any of the birth outcomes. Also, there were no significant interactions between center and treatment for any of the smoking outcomes. The intraclass correlation coefficient, which measures the homogeneity of the outcome variable within clusters (centers), was small for most outcomes (less than 5%) suggesting that center was not an important factor for the outcomes. Figure 2 shows that biochemically-validated (exhaled CO value of less than 8 ppm), 7-day point prevalence smoking-cessation rates were nonsignificantly higher with nicotine-replacement therapy than placebo (after 6 weeks of treatment: 13% compared with 9.6%, Pϭ.45; at 32-34 weeks of gestation: 18% compared with 14.9%, Pϭ.56). Participants who did not attend the visit were treated as smokers. Table 2 displays measures of tobacco exposure by treatment group for baseline and study visits 4 and 5. Across both groups there was a significant decrease from baseline to visits 4 and 5 in the number of cigarettes smoked daily (t (125) The last two columns of Table 2 show the significance level for the change scores between baseline and visit 4 or visit 5 using last observation carried forward and completer analyses. Using a completer analysis, the nicotine-replacement therapy compared with placebo group showed significantly greater re- Table 3 . There were clinically important and statistically significant differences in favor of nicotine-replacement therapy in birth weight and gestational age. There were nonsignificant differences favoring nicotine-replacement therapy for neonatal length, head circumference, and Apgar score at 5 minutes. Although Apgar scores (ie, medians and 25th to 75th percentile interquartile range) were similar between groups, the full range of Apgar scores at 5 minutes was 1 to 10 for the placebo group and 5 to 10 for the nicotine group.
A nonsignificantly greater proportion of mother/ newborn pairs in the placebo group experienced at least one serious adverse event (33/87 [37.9%] compared with 24/97 [24.7%] receiving nicotine-replace- ment therapy) ( Table 4) . A striking difference, however, was the nine-fold incidence of newborns with low birth weight and two-fold incidence of preterm delivery in the placebo group compared with the nicotine-replacement therapy group. Although not statistically significant, the proportion of newborns with very low birth weight (less than 1,500 g) and NICU admissions, and of newborn deaths was also lower in the nicotine group. The two newborn deaths that occurred in the placebo group occurred in neonates who were born prematurely and who weighed less than 1,500 g. The newborn in the nicotine group who died was of normal birth weight, and the death occurred at 2-3 weeks of age. The autopsy report was not available, so the cause of death is unknown, but the pregnancy course was complicated by the mother's new-onset HIV infection, and the newborn death was determined by an independent obstetrician to be unrelated to study treatment. The two cases of spontaneous abortion among women in the nicotine group occurred before 12 weeks of gestation, and both women had histories of previous spontaneous abortions. The incidence of other medical conditions was comparable in the treatment groups: gestational diabetes (placebo: nϭ6, nicotine-replacement therapy: nϭ7), preeclampsia (placebo: nϭ3, nicotine-replacement therapy: nϭ5), preterm premature rupture of membranes (placebo: nϭ4, nicotine-replacement therapy: nϭ6) and placental abruption (placebo: nϭ1, nicotine-replacement therapy: nϭ2). Additionally, seven participants in the placebo group and nine participants receiving nicotine-replacement therapy had evidence of other substance use at the time of delivery. Headache, dizziness, fatigue, heartburn, nausea and vomiting were the most common nonserious adverse events (moderate or greater severity reported by at least 10% of participants) during treatment. Dizziness, heartburn, and vomiting increased significantly for both groups during treatment (McNemar change test: PϽ.001 for dizziness and heartburn and Pϭ.017 for vomiting). The incidence of nausea increased more from baseline to treatment in the nicotine-replacement therapy group (20% compared with 40%) than in the placebo group (32% compared with 34%) (Wald 
DISCUSSION
These findings show that during pregnancy individual smoking cessation counseling with adjunctive use of 2-mg nicotine gum is associated with a modest reduc- tion in smoking, but no increase in smoking-cessation rates. Nicotine-replacement therapy was, however, associated with a lower risk of preterm delivery and greater neonatal birth weight (ie, yielding a weight similar to that of a neonate born to a nonsmoker). There was also a trend seen for reduced neonatal length of stay and likelihood of NICU admission and higher Apgar scores at 5 minutes. If replicated, these findings have important implications for the management of smoking during pregnancy. Our study population consisted primarily of socioeconomically disadvantaged women, including some who were being treated for mental health problems or who had a history of a substance use disorder (with some receiving methadone maintenance). These factors may have increased the external validity of the study, but may have also have lowered the observed efficacy rates. Nonetheless, our findings agree with those from a large 11-week comparison of nicotine with placebo patch in which nonsignificant differences in the rate of smoking cessation at the end of treatment (32% compared with 26%) and at the end of pregnancy (28% compared with 25%) favored the active treatment. 8 Our efficacy results differ from those obtained in an open-label study of adding nicotine-replacement therapy to behavioral counseling. 9 In that study, nicotine-replacement therapy improved overall quit rates. However, biochemically confirmed quit rates were low in both groups at the end of pregnancy (2% and 14%, for the placebo and nicotine groups, respectively).
In our study, the goal of the majority of women (85%) was to stop smoking, with the goal of the remainder being to reduce smoking as a precursor to cessation, an approach that has been used in studies in nonpregnant smokers. 22 We continued to provide gum to women as long as they were actively trying to quit. Our findings suggest that nicotine gum substitution may be effective for tobacco reduction during pregnancy. However, we cannot definitively conclude that nicotine gum reduced tobacco exposure since an effect on cigarettes smoked/per day and on biomarkers (ie, cotinine and anabasine) was observed only in a completer analysis, not when using a more-conservative last observation carried forward approach.
Birth weight is considered to be a directly observed biomarker that is sensitive to changes in tobacco exposure during pregnancy. 23 In our study, we found that birth weight was a more reliable outcome measure than other measures of tobacco exposure (as evidenced by a coefficient of variation of 17-22% for birth weight compared with 80 -90% for cotinine or other measures of tobacco exposure). Additionally, follow-up data were much more complete for birth weight than for the other biomarkers (for which 30 -40% of samples were missing). As a consequence, there was greater statistical power for the analysis of birth weight as an outcome measure than for cotinine or other measures of tobacco exposure, which may explain the significant effect of nicotine-replacement therapy on birth weight but less consistent effects on the other measures.
One of the major reasons to treat pregnant smokers aggressively is to improve perinatal outcomes. The better perinatal outcomes (ie, birth weight and gestational age) with nicotine-replacement therapy in the present study may have been due to a greater reduction in smoking in that group. Another possible explanation for these findings is a beneficial effect of exogenous nicotine administration. Wisborg et al showed that the nicotine patch was associated with a birth weight that was 150 g greater than that seen with placebo treatment, despite no evidence of a greater reduction in tobacco use. 8 The authors suggested that nicotine could have an antiinflammatory effect by inhibiting the production of thromboxane, which may increase birth weight by reducing placental vasoconstriction and platelet aggregation. The better outcomes in the nicotine group could also have been mediated by greater treatment retention in that group, which could reflect greater compliance overall with prenatal care and could yield better birth outcomes.
Irrespective of the mechanism, the decreased risk of low birth weight and preterm delivery associated with nicotine-replacement therapy is clinically important. Two of the very low birth weight neonates in the placebo group died shortly after delivery. Other low birth weight neonates who survived had NICU stays of up to 3 months. These neonates are at high risk of long-term morbidity. 24, 25 Moreover, the cost of treating these low birth weight neonates is approximately 1 million dollars. With the prevalence of smoking in pregnant women being 12%, a modest reduction in the risk of low birth weight and premature delivery can, in the aggregate, be very great.
Although we examined the effect of nicotine gum on both smoking cessation and reduction, we do not recommend that nicotine gum be used routinely in prenatal care to promote smoking reduction. Cotinine monitoring was necessary to ensure that nicotine exposure was not increased above that resulting from smoking. In animal studies, nicotine causes abnormalities of cell proliferation and differentiation, leading to a reduced number of neurons and eventually to
